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The absorption and electroabsorption (EA) spectra for 4-(N,N-diethylanfinojrostyrene (DEANST)-doped poly(methyl
methacrylate) (PMMA) films in the dopant concentration range of 0.1-40 wt% were measured. Dispersion of the third-order
nonlinear optical susceptibility ®(—w; 0, 0, w) at each concentration was determined. In addition, the static polarizability
changeA« and the static dipole-moment change. were evaluated. Furthermore, the picosecond emission-decay profiles
and the time-resolved emission spectra for 0.1-40 wt% DEANST-doped PMMA films were measured. From the experimental
results, it was concluded that DEANST molecules in PMMA films aggregate at concentrations over 5wt%. This aggrega-
tion gives rise to two new absorption bands. The intermolecular interaction affected by aggregation causes a decrease in
Au, in the average effective third-order molecular hyperpolarizabfjity—w; O, 0, w))e, @and in the nonproportional behav-
ior in | x® (—w; 0, 0, w)| with increasing dopant concentration. Furthermore, this aggregation explains the absorption spectral
change, the EA spectral shift and the existence of two emission-decay constants with concentration. Finally, the average aggre-
gation number of DEANST molecules was evaluated to be two, which suggests that DEANST molecules in the PMMA film
form a dimer at concentrations over 5wt%.

KEYWORDS: charge-transfer molecule, nonlinear organic material, polymer, electroabsorption, third-order optical nonlinearity,
time-resolved emission spectrum, aggregation, dimer

the subtle differences between the electronic structures of a
complex compound. The permanent dipole moment and lin-
Organic materials withr -conjugated electron systems haveear polarizability are key parameters that govern nonlinear
received considerable attention because of their high opticaptical constants as well as linear optical constants. From
nonlinearities. It is known that, among those materials, thlne measurement of electroabsorption, we can evaluate the
organic molecules possessing the structure of donors and ahange in those parameters for the electronic transition from
ceptors substituted into the-conjugated system have highera ground to an excited stateMoreover, we can determine
optical nonlinearities, owing to the intramolecular chargéhe dispersion of the third-order nonlinear optical suscepti-
transfer. The present work concerns one of those matehilities x®(—w; 0, 0, w) through the Kramers-Kronig rela-
als, 4-(N,N-diethylaminog-nitrostyrene (DEANSTY) In a  tion.>® Thus we can clarify the origin of the nonlinearities.
DEANST molecule, a diethylamino group as a donor, and The purpose of the present work is to clarify the mech-
a nitroehtylene group, as an acceptor, are attached to eaatism of the third-order optical nonlinearity in DEANST-
side of the aromatic ring, thus a DEANST molecule hadoped PMMA films at low and high dopant concentrations.
a large third-order hyperpolarizability, high solubility andThe optical nonlinearity is investigated as a function of the
good crystallinity. Therefore, the extremely high solubilitydopant concentration over a wide range from 0.1 to 40 wt%,
of DEANST in polar solvents and in poly(methyl methacry-using modulation absorption spectroscopy. The picosecond
late) (PMMA) films? makes us expect a material with a largeime-resolved emission spectroscopy is also applied to reveal
third-order nonlinear optical susceptibility® proportional the difference between the excited-state relaxation processes
to the concentration. However, this linear relationship beat low concentrations and at high concentrations. As a re-
tween x@ and concentration is not always self-evident asult, it is shown that at high concentrations over 5wt%, ag-
high concentrations. In particular, at extremely high concemyregates which reduce the effective third-order hyperpolariz-
trations, the mechanism of the third-order optical nonlinearitgbility are formed, and hence third-order susceptibility is not
can be different from that at typical concentrations, even fgsroportional to the concentration of DEANST molecules.
a concentrated system which does not show a clear or signifi-
cant change of the absorption spectrum. In general, it is difff~
cult to clarify the difference between the third-order nonlinea2.1 Sample preparation
mechanism of monomers and that of a lower degree of ag- DEANST was synthesized based on ref. 1 and purified by
gregates, such as dimers, in the same solvent, where absaggzrystallization by a slow-cooling method. PMMA (Aldrich)
tion spectra almost overlap each other, unlike in the case whs used as a host material. Conductive indium-tin-oxide
J-aggregated. This may be one of the reasons why the nonéTO)-coated quartz glass was employed as a substrate. The
linear optical investigation of the molecular system, in whiclpolymer solution with DEANST was spin-coated on the sub-
absorption-spectrum-overlapping monomers and dimers cstrate and then dried at room temperature for 5-6h. The
exist, has rarely been carried out so far. concentration of DEANST relative to the weight of PMMA
Modulation absorption spectroscopy using an externaas varied in the range of 0.1-40 wt%. Semitransparent alu-
electric field is a powerful technique for the investigation ominum was deposited on the film surface as a counterelec-
trode. A typical sample thickness was about 0.1+0%
*mhide@eng.hokudai.ac.jp which was measured by multiple-beam interferometry (Mi-
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zojiri BM-4). was 50 mW. The signal was detected by a synchroscan streak
camera (Hamamatsu Photonics, M1955) attached to a poly-
2.2 Experimental setup chromator. The measured wavelength range for all samples

We performed two types of measurement: electroalwas 1.98-2.62eV (627-473 nm) and the time resolution was
sorption spectroscopy measurement and picosecond time3 ps.
resolved emission measurement. All the measurements were
carried out at room temperature. As shown in Fig. 1, th2.3 Determination of ® (—w; 0, 0, w) andy (—w; 0, 0, w)
measuring system for electroabsorption spectroscopy consists dispersions
of a 150W Xe-arc lamp (Hamamatsu Photonics), a grating The third-order nonlinear optical susceptibility
monochromator (Oriel 77250, the wavelength resolution ig® (—w; 0, 0, w) can be calculated from absorption spectra
1nm), appropriate color filters to cut off the second-ordeA(w), Kerr-effect electroabsorption spectteA(w), refrac-
diffraction light, and a photomultiplier tube (Hamamatsu Phative indexn(w) and refractive index chang&n(w).>® The
tonics, H5783-06) to detect a signal. In the electroabsorptioefractive indexn(w) is related to the absorption coefficient
measurement, a sinusoidal ac electric field with a modul#irough the Kramers-Kronig (K-K) relation, and the refrac-
tion frequency of~1kHz and a field strength on the ordertive index changeé\n(w) due to electromodulation can be ob-
of 10°V/cm was applied to the sample. The field-inducedained using the following derivative form of the K-K relation,
change in absorption intensity was detected by a lock-in am- c % AAW)
plifier (Stanford Research Systems, SR-830) at the second An(w) = —J)/ ﬁdw’,
harmonic of the modulation frequency. The measurement T Jo w"—ow
was performed in the range of 2.07 eV (600 nm) to 3.59 eWhere$ denotes the Cauchy principal value of the integral
(345 nm). andc is the velocity of light. This relation is valid for the

The experimental setup for the time-resolved emissiotase where the frequency of the applied electric field is low
measurement was similar to the previously employedneand the system can be regarded to be in a steady state. The
The light source was a mode-locked Ti:sapphire laser (Clark)ird-order nonlinear optical susceptibiligy® (—w; 0, 0, w)
pumped by an Ar-ion laser (Coherent, Innova 310). The pulsmn be expressed by
duration was about 100 fs centered at around 790 nm. The av- 1
erage power at a 100 MHz repetition rate was about 1 W. Thex ¥ (—: 0,0, ) = 67 F2 [(N(@)ANn(@) — k(@) Ak(@))
second-harmonic wave (395 nm,200fs), generated by fre- .
quency conversion from the fundamental wave using a lithium +H (n(@)Ak(w) + k(@) An@))],
triborate (LBO) crystal, was used as an excitation light of the (2.2)
sample. The typical average power of the excitation pulses
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Fig. 1. Experimental setup for electroabsorption measurement.
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whereF is the amplitude of the applied electric field akd where¢ is the angle between the directionsofy; and Ap,
and Ak are the extinction coefficient and its change due tandé is the angle between the directions of the applied elec-

electromodulation, respectively, represented by tric field and the polarization vector of the incident light. In
A the present studyR(9) is reduced to 1/5 becauge= 0° and
k(w) = y™ A(w), (2.3) 6 = 90 from the above-mentioned assumption and the con-
N figuration of the experimental setup.
Ak(w) = — AA(w), (2.4) The first, second and third terms in eq. (2.7) correspond to
4m the change in oscillator strength, spectral shift and broadening
where is the wavelength. induced by the applied electric field, respectively. When the
The average third-order hyperpolarizabilitychange in linear polarizability is significant, the first deriva-
(y(—w; 0,0, w)) is expressed by tive of the absorption spectrum is dominant in the electroab-
x®(—w; 0,0, w) sorption spectrum. In contrast, when the change in the per-
(y(-: 0,0, w)) = NL(0)2L(w)? (25 manent dipole moment is significant, the second derivative is

dominant. This formula is valid for an isolated absorption
whereN is the molecular number density. Heréw) is the band due to a single electronic transition.
Lorentz local-field factor given by

e(w)+2
L(w) = % 286) 31 Absorption and electroabsorption spectra

wheree is the dielectric constant. The absorption spectra for DEANST/PMMA films depend
on the concentration of DEANST molecules. Figure 2 shows

2.4 Derivation of static dipole-moment change and statithe absorption spectra] from 0.1 to 40 wt% dopant con-

polarizability change centrations, which are scaled so that the peaks are of the

When an electric field is applied to isotropic samples, theame height. The first dipole-allowed electronic transition

change in absorption spectrum can be described by a lindmnd of the DEANST molecule is at 2.8 eV, correspond-

combination of an absorption spectrum and its first and seing to thex-7* transition® 19 It is noted that small shoul-

3. Experimental Results

ond derivatives, as follow2 9 ders, which are slightly larger on the low-energy side, appear
A d /A on both sides of the absorption spectrum at dopant concentra-
AAE, F)/E = [ao (E) tags (E) tions over 15 wt%.

) Figure 3 shows the electric-field-modulated absorption
dc (A EA) spectrum for DEANST-doped PMMA thin film
ao— (Z)+... |[ROLOF?E p p
+ = (E) + ] OMLOF] (DEANST/PMMA film) together with the absorption spec-
(2.7) trum for the dopant concentration of 0.1 to 40wt% in the
whereE is the photon energyyg, a; anda, are, respectively, region of 2.07 to 3.59eV (600 to 345nm). The position of

given by the first peak of the EA spectrum is the absorption edge of the
X2 oy sample. The magnitude of the signal changé induced by
Bo= 5+, (2.8) the electric field ¢~ 10°V/em) is on the order of 10-10-*.
Hng  Mng When the dopant concentration of the sample varies from 0.1
2X 1 to 40 wt%, the EA signal shifts to the low-energy side follow-
a=—Au+ -Aca, (29)
Mng 2
1 2 T T T T T T T
a = E(A/L) , (2.10) 1.0 =
where Ap and Aa are the permanent-dipole-moment dif-
ference and the linear-polarizability difference between an 0.8
excited state and a ground state. Heugyg, X andY are —_
the transition-dipole moment, the transition-dipole-moment 2
polarizability and its hyperpolarizability, respectively. They % 06
have a relationship expressed in the dyadic notation e
Bog(Find) = fng + X Fint + Fint Y- Fing -+, (211) 2
where F is the internal electric fieldRj; = L(O)F). In < 04
egs. (2.8)—(2.10), we assume that all the electric properties of
DEANST are dominated by only one component along the 0.2
Z-axis (Z-axis is defined as the long axis of the DEANST '
molecules). Namely, the vectoyg,y and Ap, the tensorX N
andY andAa can be expressed g 7, Az, X2z Yzzzand 0.oE==E=_1 | | | | |
Aaz,, respectively. Thus, we use the scalar notatiqg A, 20 22 24 26 28 30 32 34 36
X, Y andAc«. R(9) is a general sensitivity function given by E [eV]

R(®) = 5+ (3cog& — 1)(3cog6 — 1], (2.12) Fig. 2. Normalized absorption spectra of DEANST/PMMA films in the

1
=l
15 dopant concentration range of 0.1-40 wt%.
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Fig. 3. The scaled EA spectra of DEANST/PMMA films (solid lines) in the [ ]
dopant concentration range of 0.1-40 wt%, and corresponding absorptiBig. 4. Dispersion of the third-order nonlinear optical susceptibility
spectra (broken lines). All EA spectra were corrected for differences in x @ (—w; 0, 0, w) for DEANST/PMMA films in the dopant concentration
applied field and optical density (see text). range of 0.1-40 wt%. Solid, broken and dotted lines represent the real part,
imaginary part and absolute value)dP (—w; 0, 0, w), respectively.

ing the absorption-spectrum change. In order to compare the
magnitudes of the EA signals, the spectra are normalized kigal that the properties of DEANST in PMMA change dra-

the following equatiort?) matically at around the concentration-el5 wt%.
AA . . . :
AAscaled= ———5 (3.1) 3.2 Third-order optical nonlinearity
2 9
AmaxFigt Figure 4 shows dispersions of the real part, the imag-

whereAnay is the maximum value of the absorption spectrunnary part and the absolute value 9f®(—w; 0,0, w) for

and Fi; is the internal electric fieldA Ascaieqis proportional 0.1 to 40wt% DEANST/PMMA films, which were calcu-
to the interaction strength between the sample and the electiated in the manner described in 82.3. The absolute value
field. As the concentration of DEANST molecules increasesf x @ (—w: 0, 0, w) for the 35 wt% DEANST/PMMA film is

the magnitude of the first peak of the scaled EA signal dd-6 x 10~'2esu in the nonresonant region (2.1 eV). This value
creases up to 15wt%, above which, change is negligible. Tlgrees with the value ¢f ® (—3w; w, , w) = 2 x 10 *2esu
changes in absorption and EA spectra with concentration rat 1.17 eV (1.06um) for a 33.5wt% DEANST/PMMA film
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measg)red by an optical third-harmonic generation tech- A(E) = byexp—(E — Eg)?/b? — by(E — Eg)®
nique:

Using the experimental result of the lowest-concentration — bs(E — Eo)*]. 3.2)
sample (0.1 wt%), the averaged third-order hyperpolarizabiecondly, using the derivative from the fitted absorption spec-
ity (y(—w; 0,0, w)) is evaluated to be.B x 10-3°esu at trum, we analyze the EA spectrum. Here, we assume that
2.1eV. This value is 3.6 times larger than the value ahe component proportional to the absorption spectrum in the
(y(—w; 0,0, w)) = 1.602 x 10-%%esu at 2.06 eV calculated measured EA spectrum is negligible, thatas,= 0 in eq.
by anab intio self-consistent-field methdd This deviation (2.7).
is explained as follows. In the far-off-resonant region, where For example, Figs. 6(a) and 6(b) show the absorption and
the contribution to the EA signal by the electrostrictive effecEA spectra at the dopant concentration of 0.1 wt%, together
becomes significant, the value gf(—w; 0, 0, w)) from the  with fitting results based on egs. (2.7) and (3.2). The EA spec-
EA spectroscopy can be overestimated. trum can be decomposed into the first- and second-derivative

Figure 5 shows concentration dependences of the maemponents. From these results, the valued pfand Ax
imum values of (y(—w; 0,0, w)) and |x®(—w; 0,0, w)|. can be evaluated to be 7.7 debye anth210-21 cn?®, respec-
Here we emphasize that (—w; 0, 0, w))max Calculated from tively. The value ofAu is somewhat smaller than that for
the | x @ (—w; 0, 0, w)|max decreases with dopant concentra4-(N,N-dimethylamino)g-nitrostyrene (DMANST) Ay =
tion over 10wt%. Unless the intermolecular interaction i40.3 debyé)) which has almost the similar molecular struc-
considered, the nonlinearityy (—w; 0, 0, w)) in a molecule ture.
is, in general, independent of the concentration, and hence th®©ver the dopant concentration of 15wt%, the measured
macro-nonlinearity x ® (—w; 0, 0, w)| is proportional to the EA spectra are dissimilar in shape to the first and second
concentratiort® However,| x ® (—w; 0, 0, w)| obtained from
our experiment is not proportional to the dopant concentra-
tion, particularly at high concentrations. Thus, the molecular

nonlinearity (y (—w; 0, 0, )) decreases with concentration. 5 52 [ . L
The reason for this behavior will be discussed in &4. 0.1 wt%
(a)
3.3 Evaluation of static dipole-moment difference and static 2.5
polarizability difference
The absorption spectrum of the charge-transfer molecule is 2.0k
generally so broad that the direct numerical derivative of the
absorption spectrum with the measured wavelength resolution <t 15
of 2nm becomes very noisy. This makes the analysis using '
the direct numerical derivatives difficult. In order to avoid
this difficulty, we first fit the absorption spectrum to a skewed 1.0
Gaussian ban#,
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Fig. 6. (a) Absorption spectrum of 0.1wt% DEANST/PMMA film (solid
line) and its theoretical fit (broken line). (b) Electroabsorption spectrum
(solid line) and its theoretical fit (dotted line) together with the contribu-
tion of the first and second derivatives of the absorption spectrum (broken
lines).

Fig. 5. Concentration dependences of (@}® (—w; 0, 0, ®)|max and (b)
(¥ (—w; 0, 0, w))max for DEANST/PMMA films. Broken lines represent
1x® (—w; 0,0, w)|max and (¥ (—w; 0, 0, w))max Value without the inter-
molecular interaction.
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fit the EA spectra over the dopant concentration of 15 wt%on.
when we consider only one absorption band. Thus, we de-Concentration dependences &f+ and Ax values of the

compose the absorption spectra into three bands. For exatmree absorption bands are shown in Fig. 9. Itis seen that, with
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ple, Fig. 7 shows the results for the dopant concentration ofcreasing dopant concentration, the values\gf decrease
35wt%. Figure 7(a) shows the measured absorption speshile those ofA« negligibly change. Moreover, it should be
trum and the three decomposed absorption bands. The centraded that the ratio of thA« value of theA; absorption band
absorption band has the same shape as the absorption sgae¢s,) to that of theA, band Awaa,) is about one to two,

trum observed for the lower-concentration samples, hamedynce this ratio represents the ratio of effective volume size

a skewed Gaussian shape (denotedAqy. The other ab- of the species yielding\a s, to that of the species yielding
sorption bands also have Gaussian shapes (derfstethd AaA2.14)
Az on the lower- and higher-energy sides of the center ab-

sorption band, respectively). Figure 7(b) shows the measurgdt Picosecond temporal behaviors of emission

and fitted EA spectra with the contributions of first and sec- The left-hand side of Fig. 10 shows the emission-decay

ond derivatives of the three absorption bands. The measured

spectrum is reproduced well by the fitting\y and A« val-

ues for each absorption band are evaluated using egs. (2.9)
and (2.10).

Figure 8 shows the concentration dependence of the ab-
sorption intensities ofA, and Az normalized by that ofA;
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Table I. Emission decay constants for 0.1 to 40wt% DEANST/PMMA
films.

I I I
2.26+ 0.02 eV

I
40 wt%

Concentration Decay constants (ps)
(Wt%) 71 2

0.1 510
2.26% 0.02 eV 5 100 270
15 21 132
20 18 128
e B 25 15 125
25wt 2.29+ 0.02 eV 35 12 124
40 12 122

35 wt%

[arb. units]

200 324 0.02ev doped PMMA films are listed in Table I. It is found that

the emission decay profile in the lowest-concentration sam-
ple (0.1 wt%) consists of one component, while the emission
- - in the higher concentration region (not less than 5wt%) has a
2.34% 0.02 eV fast- and a slow-decay component. The emission-peak pho-
ton energy of the fast-decay component is higher than that of
the slow-decay component. Both the time constants of the
fast- and slow-decay components @nd t,) decrease with
dopant concentration. Moreover, the time-resolved emission
spectra of both fast- and slow-decay components shift to the
lower-energy side with increasing dopant concentration.

15 wt%

Emission Intensity

5 wt%
2.42+ 0.02 eV

0.1 Wi% 5 46+ 0,02 eV 4. Discussion

Here, we can summarize the experimental results for
DEANST-doped PMMA films as follows: [1] the ab-
L L L L L I I N sorption spectra broaden with increasing dopant concen-
0 100 200 300 4002.0 2.1 2.2 2.3 24 2.5 2.6 tration, [2] the EA spectra shift to the low-energy side
Time [ps] E [eV] with increasing dopant concentration, [3] the magnitude of
Fig. 10. The emission decay profiles at around the emission pe&g of the first peak of the EA signals decreases up to 15wt%,
with the energy resolution width/2E of 20 meV in the dopant concentra- @bove which it does not change, [8}(—w; 0, 0, w))max de-
tion range of 0.1-40 wt% for DEANST/PMMA films (left-hand side) andcreases with increasing dopant concentration over 15 wt%, [5]
cqrrespondin_g time-resolved emission spectriy at 0, 100 and 200 ps |X(3)(—(U§ .0, 0, ®)|maxiS NOt proportional to the dopant con-
(right-hand side). . . .
centration over 15wt%, [6] the absorption spectrum consists
of three bands over 15wt% (lower- and higher-energy bands
profilesl (t, Eo+ AE) at around the emission peake§ with  appear), [7] the ratios of botlh,/A; and Az/A; increase
the energy resolution width&E of 20meV in the dopant with dopant concentration, [8\« negligibly changes with
concentration range of 0.1-40wt% for DEANST/PMMAconcentration, [9] the ratio betweexw s, and Aaa, is about
films. The corresponding time-resolved emission spectda: 2, [10] Ax decreases with increasing dopant concentra-
| (to + At, E) attg = 0,100 and 200 ps are also shown ortion over 15wt%, [11] a slow-decay emission band appears
the right-hand side in Fig. 10. The emission decay signals asa the low-energy side at dopant concentrations greater than
obtained as an integral with respect to the energy widtlE2 5wt%, and [12] the emission-decay constant decreases with
aroundEg and the time-resolved spectral signals are obtainédcreasing dopant concentration.
as an integral during the interval aft = 30 ps fromty where For the two-level model, the average third-order hyperpo-
the time originty = 0 is set as the arrival time of the excitationlarizability (y (—w; 0, 0, w)) and the average linear polariz-
pulse peak to the sample. ability («(—w; w)) are represented by the following equations
Emission decay time constants for 0.1 to 40 wt% DEANSTeased on the quantum-mechanical perturbation th&dry:

. 1 2 2 1 1
()/(_CU, 07 0’ Cl))> X F ; |Mng| (AIJ’) [(a)ng —w— irng)3 + (C()ng + @ + | an)3i| ’ (41)

1 1 1
(r(—0; @) o Xn: |itngl? <w + > , (4.2)

ng_a)_|rng an+a)+|rng

wherepung is the electronic transition dipole moment betweemw,g is the energy difference between the excited state and
the excited staten and the ground statg and Au is the the ground state. In the case of the resonant condition, that is,
static-dipole-moment difference denoted in 8214, is the in the case where the excitation photon energhofis near
relaxation rate between the excited state and the ground stdieyg, (¥ (—w; 0, 0, w)) of eq. (4.1) is reduced to
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2 2
|ingl” (A ) (4.3) .

1
_ ;O, 0, 3 i '
(y(—w ®))reso X h3 ; (wng — @ — i Thg)® g

In addition, («(—w; w)) of eq. (4.2) in the low-frequency Al :\
limit, that is, the average static linear polarizability(0; 0)), A
is expressed by Knr e Ao

2wng| i A
(@(0; 0)) hz ‘ZQJ':‘F%' . (4.4)

The molecular hyperpolarizabilityy (—w; 0, 0, ®)), which
is defined as the nonlinearity in a molecule, is independent Tl 1
of the DEANST concentration, unless the intermolecular in- T,
teraction is considered. However, the experimental result
[4] indicates that DEANST molecules in PMMA film inter-
act with each other and this interaction can influepgg
and/or Au. On the other hand, based on the expression  /
of (x(0; 0)) and the experimental result [8], it is reason-
able to say thatung| or I'ng negligibly changes with con- .
centration. Thus, it is concluded that the decrease\in Monomer Dimer
with increasing dopant concentration causes the decreaserif) 11. The energy diagram of DEANST/PMMA film in the higher con-
(y(—w; 0,0, w))max- Furthermore, this explains the experi- centratlon reglon knr is the nonradiative relaxation rate frofy to Ap.
mental result [5] well through eq. (2.5). L andz;* are the emittive relaxation rates frof to ground state and
Based on the experimental results [3], [4], [6], [7], [10] and A2 0 ground state, respectively.
[12], we conclude that DEANST molecules aggregate in the
PMMA films at concentrations over 5wt and the con-
centration of aggregates increases with the total DEANST (—w; 0, 0, w))ef is defined to be the third-order nonlinear-
concentration. Thus, this aggregation affects the interaity per monomer molecule whether DEANST molecules ag-
tion among DEANST molecules. Consequently, both the abregate or not.
sorption spectrum and the EA spectrum change Apdor
(y(—w: 0, 0, )) decreases with increasing dopant concentrg:  conclusion
tion. This is supported by the experimental results [1], [2] and We measured the absorption and EA spectra for DEANST-
[11]. Moreover, the experimental result [9] suggests that ttdoped PMMA films in the dopant concentration range of
aggregate is a dimer. 0.1-40wt%. From these results, we calculated the dis-
On the basis of these results and Kasha'’s theory of aggpersion of the third-order nonlinear optical susceptibility
gatest”) the origin of new absorption bands and the mech:® (—w; 0, 0, w) using the Kramers-Kronig relation. In ad-
anism of the excited-state energy relaxation with two emislition, we evaluated the static polarizability differense
sion bands at high dopant concentrations are understoodaasl the static dipole-moment differenegs. Furthermore,
follows. Figure 11 shows the probable energy diagram e@fe measured the picosecond emission-decay profiles and the
DEANST/PMMA films in the high concentration region.time-resolved emission spectra for DEANST-doped PMMA
In this concentration region, both monomers and dimers 6ims at 0.1-40wt% concentrations. Consequently it was
DEANST molecules coexist. The monomer level is split intdound that the absorption spectrum, the EA spectrum, the
two levels by the formation of aggregates. The lower enerdime-resolved emission spectrum, the maximum third-order
level (Az) is mainly dipole-transition-allowed, but the highersusceptibility, the maximum hyperpolarizability and the per-
energy level f3) is partially dipole-transition-allowed. The manent dipole-moment difference, except for the linear polar-
emission of DEANST/PMMA films with the lowest concen-izability difference, significantly change at dopant concentra-
tration is from the monomer leveld;) and the relaxation tions over 5wt%.
rate (r{l) is slow. DEANST molecules begin to aggregate From these experimental results, we concluded that
at about 5wt% concentration and the concentration of dimdblEEANST molecules in PMMA films aggregate at concen-
increases with the total DEANST concentration. Thus, theations over 5wt%. This aggregation gives rise to two new
relaxation rate of monomers rapidly becomes faster with iabsorption bands. In addition, the intermolecular interac-
creasing dopant concentration because of the energy trangien affected by the aggregation causes a decreasguin
from monomers to dimers. Since the energy position of ttend (y (—w; 0, 0, w))er, and the nonproportional behavior
emission from dimers is on the lower-energy side of that fromf | x ® (—w; 0, 0, )| with increasing dopant concentration.
monomers, the relaxation from the lower level of dimer i§urthermore, this aggregation explains the absorption spec-
slower than that from the monomer level. The relaxation rateal change, the EA spectral shift and the appearance of two
of dimers (52‘1) also becomes faster with increasing dopargmission-decay constants with increasing dopant concentra-
concentration due to the energy transfer between dimers. tion. Finally, we evaluated the average aggregation number of
It follows from the discussion above that theDEANST molecules to be two which suggests that DEANST
(y(—w; 0,0, w)) values in the higher concentration re-smoleculesin PMMA films form dimers at concentrations over
gion evaluated in this study are the effective valswt%.
ues of (y(—w;0,0,w)) ((y(—w;0,0,w))e). That is,
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